INTRODUCTION
The work is based on the research of leading scientists in the field of investment science and construction economics, presented in the monographs and articles by A. Gojko, L. Sorokina, V. Fedorenko, P. Kulikov, G. Rizhakova, I. Ivahnenko, O. Tugaj, T. Vlasenko, O. Bielienkova, K. Izmajlova та ін. The analysis of literature sources reveals that the individual means of project economic evaluation while building construction investment portfolio do not take into account complex investment risks, differentiated by their individual types, as well the liquidity of developer's future assets, which significantly limits the ability to make informed decisions.
It is revealed that the concept of «liquidity» in the investment process is synthetic and requires a double reflection on different objects:
• in relation to investment objects, liquidity should be linked to the need to assess construction investment assets for their compliance with the planned values at all stages of the construction investment project implementationfrom unfinished construction to finished construction productsand, further, to the object of profitable commercial use or social purpose 1 ;
• the second important aspect of the concept of «liquidity» is related to the need to evaluate the reliability of the investor as a leading subject of the investment and construction process as for the ability to achieve real investment goals by providing the appropriate level of liquidity balance and solvency of the organization in terms of 4 group indicators 2 .
This interpretation of the category of «liquidity» and the analysis of literature in several groups allowed us to formulate a scientific hypothesis of this work, which is as follows: "A leading requirement in providing a business process of real investment is a high level of liquidity of construction project assets and solvency of the investor". Therefore, in order to formulate a portfolio of construction projects, a new calculation and analytical multicriteria methodology should be proposed which will combine the criteria of liquidity of construction project assets, solvency, and social efficiency. The innovation base should be made up of innovative economic models. The applied result of the created models should be a technique embodied in a convenient methodological complex of applications for target users. Theoretical models and a complex of applications are designed to build rational investment portfolio in terms of volume, sources of financing, level of liquidity and profitability, as well as to ensure the proper level of liquidity and solvency of the organizations implementing construction investments. Therefore, the purpose of the article is to analyze the existing theoretical and methodological approaches to coordination of liquidity and efficiency of construction investments and solvency of investors, as well as to improve existing methods. 6 . Consistent decentralization of investment process, introduction of investment insurance system.
In Ukraine, at the present stage of economic development, intensification of financial and credit and investment markets is the main condition for the investment activity efficiency. Economic enhancement and investment activity can only be achieved through the creation of capital market. This task is multifaceted and contains both short-term and long-term aspects related to solving the problem of development of the equity and government securities markets. The latter is achieved through promotion of revenues and investments, as well as privatization funds.
Moreover, while building a rational composition of the investment portfolio, it is necessary to revise the criterion-parameter base.
The existing inappropriate approaches to building a construction investment portfolio (a complex of construction projects) mean to apply a traditional set of investment parameters that correlate the volume and pace of investment with the corresponding characteristics of net cash flows 5 .
Comparison of the above classification with the existing traditional system of economic feasibility of the construction investment portfolio allows us to claim that it is essential to improve the system of indicators (factors), used to analyse such a multidimensional category as risk of the corporate investment portfolio, there is a need to rationalize assessment characteristics while developing mathematical model. Since each of the existing quantitative investment risk assessment approaches such as flow comparison methods 6 , optimization methods and models, analogy method, sensitivity method, simulation modeling methods 7 , etc. do not provide a full appropriate assessment and growing requirements for the veracity of results, while developing economic modelstheoretical research results and methodspractical research resultsthe benefits of each approach should be integrated.
One group of sources optimizes the investment structure by improving the organizational and technological decisions of investment projects and changing the negative component of the main project variablenet project income, saving from early commissioning of project fixed assets, as well as by organizational and technological distribution of project investment intensity in a manner suitable for the investor (providing in this regard sets of work transitivity requirements, safety requirements, standards of duration and labor intensity. The problem can be represented as follows:
{Ω org т (i) = ∆P + (0) * ([∆t (Pln v) (0) -∆t (Pln v) (i)] * / 365)*α} → max, (1)
{Ω org і (i) = ЧДД(i)-ЧДД (0)} → max,
Ω org тthe expected calculated effect of the implementation of the i-th option of the calendar investment plan, obtained by reducing the duration of development of investments and, therefore, by reducing the lag ∆t (Pln v) in this option, compared with the original; Ω org іthe expected intended effect obtained by changing the intensity of investment development from the implementation of the i-th option of the calendar investment plan, which leads to a comparative decrease in the negative NVP share, and, consequently, to the increase of the net consolidated income under this variant organizational and technological model implementation of the investment development plan; ∆t (Pln v) (0), ∆t (Pln v) (i)deferral lag duration of the project operational phase (in days) according to the initial and i-th variant of the calendar plan;
αthe calculated annual rate of discounting of investment flows (in unit particles); ∆P + (0) -is the share of net payment flow from the sale of finished project product received for the released duration [∆t (Pln v) (0) -∆t (Pln v) (i)] of the investment cycle.
These approaches do not take into account the impact between the main components of the project profitability and do not provide for the establishment of a calculated correlation between them, nor do they give reason to establish the investment priorities of the projects and to select projects in the investment portfolio, since their purpose is organizational and technological improvement of the performance of works calendar plan (development of investments) on the project 8 .
But this does not take into account the stochastic nature of the development of the investment situation, both in terms of the rate of investment development and the intensity of net cash flow receipts and the deferral lag ∆t (Pln v) .
The following group of sources gives grounds to set investment priorities for a fixed distribution of the components of net and net discounted income.
According to one criterion (net or net consolidated income, profitability index, etc.), they set investment priorities and, depending on them, build up an investment program for the period, depending on the investment opportunities 9 .
The following approach proposes to use an integral criterion, which, on the basis of a combination of different investment indicators (selection criteria), gives grounds to set investment priorities. The formulation of the project selection task under this approach can be integrated as follows: IKR(i) = ||Matr ij || * |ρ j | * |ξ j |, i = 1 -n, j = 1 -m,
where IKR(i)is the integral indicator (estimated criterion) of the priority of the i-th project among their initial set n;
BS ln vthe total value (volume) of investments that the investor is able to provide during the settlement period;
N^number of projects selected from the total volume by the prevailing IKR (i); ||Matr ij ||matrix of project evaluation by the criteria indicators (j) in their natural dimension (the columns of the matrix may be net consolidated income, profitability index, specific marginal revenue per unit of the project finished product, payback period, etc.); |ρ j |a vector that provides a transition from the natural dimension of D int j to a single dimension and the consistency of D int j growth direction with that of an integrated assessment of the IKR (i) project priority;
ρa vector of weight rates that provide specific contribution of individual indicators to the integral Cr int score.
In order to expand methodological tools in the construction economy, interesting innovative econometric approaches proposed for other industries were considered, and being flexible enough, they can be successfully used for construction industry. The following groups of sources are to be mentioned 10 :
economic models of game theory implementation for building a rational portfolio of construction projects and sets of works;
investment criteria balance method; modernized factor analysis method for building economic and mathematical model of effective management of enterprise's business and economic activity;
correspondence matrix of production and financial resources, submitted in the works;
econometric and diagnostic models designed to identify the leading factors of construction organization restructuring;
the criteria to determine a degree of contractor risk proposed in the paper 11 ;
search for a statistical criterion for the consistency of technological solutions from the complexity and duration of the BIS;
search of statistical criterion for optimization of the calendar model of the housing construction industry, which includes several projects;
Outlined in the works of Pokolenko V.A. 12 method of investment criteria balance initiates a specific methodology for creating construction investment cycle. This methodology in a single algorithm provides rational diagnostics of projects taking into account their profitability, volume and structure of investments, investor strategy and investment market business conditions, with further scenario-stochastic algorithm of pre-selection and final selection based on a new system of criteria. The final component of the method is the development and multi-criteria optimization of the calendar program for project implementation on several criteria, which increase stability of the organizationinvestor, high financial stability, maneuverability, return on assets and structure of investment cycle financing sources.
A significant step of updating the calculation and criterion base of creating a construction investment portfolio on a multicriteria basis is the work of Ryzhakova G.M. 13 , which suggested the investment framework foundation, alternative to the traditional approaches, and its multicriteria and phased economic diagnostics. As the first stage of rationale for composition and structure of construction investment portfolio 14,15 offers a complex economic diagnostics of the separate projects suggested for the portfolio, considering variability of the change of their cost parameters during the investment cycle. The parameters to be varied at this stage are the leading cost indicators in the preinvestment and investment phase, direct and administrative-management costs for the types of works and sections of the consolidated budget, and, in the operational phase, these are indicators of business activity and financial stability of the studied object. Dependent variables (evaluation criteria) in the first stage are a minimum of variations in cost parameters based on the results of estimation of possible scenarios for the development of the investment situation using a random variable generator. This stage includes the development of a risk matrix, the columns of which are heuristically established stylistic descriptions of risks, and the rows of the matrix correspond to the list of arguments of situational variables. Depending on the level of risk, both the range of deviations and the frequency of nontypical events that do not comply with the directive ones change. With the help of a random variable generator, it is suggested to provide arguments to the model of variational values, taking into account the range and frequency set by the deviation matrices. The final operation of this step is to calculate the variation of cost parameters. On this basis, projects are approved or rejected by the investor.
In the second stage, the preliminary-formed construction investment portfolio is subject to optimization by several criteriathe objective functions. The minimum criteria for project taxation included in the portfolio and the criterion of investor reliabilitythe maximum amount of direct working assetswere selected as the leading criteria. The arguments for these criteria are the volume of project assets by type and the speed of their transformation over time.
The above methodological approaches to the investment project evaluation serve as a methodological prerequisite for improving the system of socio-economic efficiency of investments on a multicriteria basis 16 emphasizing the need to take into account such factors as assets liquidity and solvency of the investor 19 .
Economic and mathematical model of liquidity management of construction investment assets and ensuring their social efficiency on a multicriteria basis
The ongoing process of structural transformation of the economic complex of the country, are followed by the need to reorganize the structure of real investments. This requires creation of such methodological and methods approaches to cost-effective diagnostics, selection and implementation of real investments, aimed not only at providing high term return for the investor, but also providing all participants of the investment process with the opportunity to carry out reliable and economically justified monitoring of the flow of assets and sources of construction investment projects and ensure high project liquidity, profitability and social efficiency. Existing techniques and models, as demonstrated in the first section of the paper, do not meet these requirements, focusing mainly on commercial appeal and using the traditional set of investment project evaluation indicators.
The need to create innovative theoretical and methodological foundations, which efficiently adjust the tasks of assessing the liquidity, profitability and social efficiency of construction investments, determines the scientific, theoretical and applied relevance of the proposed model.
Within the group of methods considered in a number of works 20,21,22 , the organization solvency and the liquidity of its balance are defined. Solvency of an enterprise is determined by its ability and possibility to timely and fully fulfill payment obligations arising from trade, credit and other transactions of a monetary nature. Solvency affects the forms and conditions of commercial affairs, including the possibility of obtaining a loan. Liquidity of an enterprise is determined by the availability of liquid assets to it, which include cash, funds on bank accounts and easily realized elements of 19 working capital. Liquidity reflects the ability of an entity to make the necessary costs at any time.
Liquidity and solvency as economic categories are not identical, but in practice they are closely interdependent. The liquidity of the enterprise reflects the solvency of the debt. Enterprise's failure to repay its debt to its creditors and the budget forces it into bankruptcy. The grounds for declaring a company bankrupt are not only their failure to fulfill their obligations to the budget within a few months, but also the failure to fulfill the requirements of legal entities and individuals having financial or property claims against it. Improving the solvency of an enterprise is inextricably linked to a working capital management policy aimed at minimizing financial liabilities. In other words, profit is a long-term goal, but in the short term, even a profitable business can go bankrupt due to lack of funds.
The following basic techniques can be used to assess solvency and liquidity: a) structural analysis of changes in the active and passive Balance Payments, that is, the analysis of the liquidity of the balance; b) calculation of financial liquidity ratios; c) analysis of cash flows during the reporting period.
Fig. 1.1. Solvency and liquidity assessment tasks
While analyzing balance liquidity one compares the assets, grouped by degree of their liquidity, with liabilities for debit, (grouped by their maturity. Calculation and analysis of liquidity coefficients allows to identify the degree of security of current liabilities by liquidity funds. The main purpose of cash flow analysisto evaluate the ability of the company to generate funds in the amount and in the time required to make the planned expenses and payments.The main task of assessing the accounting liquidity is to determine the amount of cover of the liabilities by an enterprise with its assets, whose term of transformation into monetary form (liquidity) corresponds to the term of repayment of liabilities (urgency of return).
For analysis, the assets and liabilities of the balance are grouped by the following features 23,24 :
♦ by the degree of liquidity reduction (assets); ♦ the degree of maturity (payment) (liabilities). Assets, depending on the rate of conversion into funds (liquidity) are divided into the following groups:
A1the most liquid assets. These include cash from enterprises and short-term financial investments.
A2fast-selling assets: receivables for goods, services, accounts receivable and other current assets;
A3slow-moving assetsthese include inventories and expenses, longterm financial investments;
A4hard-to-sell assets are defined as the difference between the value of non-current assets (total I section of assets) and long-term financial investments.
The grouping of liabilities occurs according to the degree of urgency of their return:
P1the forward liabilitiesaccounts payable for goods, works, and services, current settlement obligations, other current liabilities;
P2short-term liabilities which include short-term bank loans, current debt on long-term loans, promissory notes;
P3long-term liabilities. These include long-term bank loans, other long-term liabilities;
P4fixed liabilities. These are their ownsummary of Sec. I of liabilities.
To provide the project investor (creditor) with a reliable and economically sound picture of the flow of project assets at different phases and elements of the investment cycle, an innovative model of multicriteria project valuation is proposed, which uses indicators of liquidity of projects and solvency of organizations as a leading requirement (criterion).
The following research methods and models were used as the methodological basis of the created model:
system analysisto determine the content and list of evaluation criteria and arguments that are part of the calculated evaluation criteria; balance and structural methodfor calculating values of model arguments based on the results of analysis of design estimates, feasibility studies, business plans, financial reporting on the results of the activities of organizations participating in the investment process;
-network models of «work-arc» with updated composition of parameters as the basis of process formalization of the investment cycle;
models of optimization on several criteria and ways of their coordination.
The mathematical formalization of the problem is as follows. As model criteria it is suggested to use: 1) maximum of the immediate liquidity index of project Z1 assetsdetermined at the current moment of time by the ratio of the expert value of the finished finished product of the project and the unfinished construction to the volume of all obligations of the investor (co-investors) for the project (particles of unit);
2) the maximum of the absolute liquidity of the organizations-leading participants of the Z2 projectdetermined by the indexes of absolute liquidity of the investing organizations, in proportion to their shares in the assets (value) of the project at the moment (particles of unit);
3) maximumthe current liquidity of the leading participants of the Z3 projectdetermined by the indexes of the current liquidity of investor organizations, in proportion to their shares in the assets (value) of the project at the moment (particles of unit); 4) maximum of the working capital of the investor organizations of the Z4 project, weighted average by their shares in the assets (value) of the project at the moment (UAH, in thousands) 5) the minimum probability of bankruptcy of Z5 co-investor organizations is determined by the ratio of the difference between current assets and short-term liabilities to the balance sheet total for each of the coinvestor organizations, in proportion to their contribution to the value of all project assets (particles of unit). 6) the maximum turnover of project Z6 assets, determined by current periods (months or quarters), taking into account the time factor due to the ratio of the total volume of sales in value (excluding VAT, excise duties and other payments) to the value of all the assets invested in the project (units); 7) the maximum social efficiency of the Z7 project, determined by the ratio of the amount of revenues to treasuries at all levels by way of value added tax, excise duties, other deductions from the volume of sales of products (services, BIS), income tax, payments to the payroll, to the estimated duration of the investment cycle, (UAH, in thousands / year); Arguments (independent variables) for all calculation criteria are:
current time coordinatesmonths, quarters, years for which the investment situation for each of the submitted projects is examined;
determined by periods the value of fixed and current assets invested in the project, taking into account the shares of co-investing organizations, UAH, in thousands;
the volume of sales of the project products in terms of value (excluding VAT, excise duties and other payments), UAH, in thousands;
total payroll for all types of work, costs, project participants at the current time, UAH, in thousands;
total rate of aggregate payments to the payroll fund, particle of unit; profit (financial result) of economic activity of all participating organizations at the moment, UAH, in thousands;
the rate of taxation of profits, particle of unit.
In accordance with the defined content of criteria and arguments, the formulation of the problem, according to this economic model, reflects the following system of equations and inequalities (4):
Z 1 (t) = [s 11 (t) + s 12 (t)] / s 13 (t);
(4.a)
Z 2 (t) = ∑ h=1-:H Ω h [s 21 (t, h) + s 22 (t, h)] / s 23 (t, h); Ω h = W h / W ∑ ; (4.b) Z 3 (t) = ∑ h=1-:H Ω h s 31 (t, h) / s 32 (t, h); s 32 (t, h) = s 23 (t, h); (4.c) Z 4 (t) = ∑ h=1-:H Ω h [s 41 (t, h) -s 42 (t, h)]; s 41 (t, h) = s 31 (t, h); s 42 (t, h) = s 43 (t, h); (4.d) Z 5 (t) = ∑ h=1-:H Ω h s 51 (t, h) / s 52 (t, h); s 51 (t, h) = s 41 (t, h) -s 42 (t, h); (4.e) Z 6 (t) = ∑ t=1-:-T (1/t) * [s 61 (t) + s 62 (t) + s 63 (t)] / [s 64 (t) * (1 + α (∆t) )]; ∆t = t -t 0 ;
(4.f)
Z 7 (t) = ∑ t=1-:-T [s 71 (t) + s 72 (t) + s 73 (t)] / s 74 (t); s 74 (t) = s 61 (t); (4.g) {Z 1 (t), Z 2 (t), Z 3 (t), Z 4 (t), Z 6 (t)} →max; Z 7 (t) → min (4.h)
Where Z 1 -Z 7 are the estimated construction investment evaluation criteria (dependent variables) for this model;
tis the current time coordinate (months or quarters for Z 1 -Z 6 , yearsfor Z 7 ); hindex of leading participant of project implementation (investor); Ω hshare of co-investor organizations in the total value of project assets; W ∑the total cost of all investment in the project; W hthe cost of the investment provided for investment by the h-th organization; s 11expert cost of the finished product created by the project; s 12the same, unfinished construction; s 13 cost of all commitments to the submitted project at the current time; s 51 (t, h)the net working capital of an h-th organization at time t is the difference between the value of current assets and current liabilities; s 52 (t, h)a summary of the balance of the h-organization at time t; s 61 (t)the volume of sales of products in terms of value under this project for the current period (excluding VAT, excise duties and other payments); s 62 (t) and s 63 (t), respectivelythe amounts of income tax and payroll contributions attributed to this project by all participating organizations; s 64 (t)the amount of investment specified for investment in this project for the current period; t 0is the period of time for which the value is adjusted (discounted);
(1 + α (∆t) )is the denominator of discounting; ∆tis the difference between the current time coordinate and t 0 .
Initial data for calculating model arguments is information on the structure of project assets (non-current, current) and sources of their financing (by investors), data on the components of the project cash flow (sales revenue, profitability of production and sales, salary, etc.), as well as information on the financial position of the leading participants in the investment process according to the public financial statements.
Based on the link between the content of s 11 -:-s 74 model arguments (dependent variables) in equations (1) -(4) with the volumes and structure of the estimated cost of projects, they can be presented as algebraic functions that combine the following investment characteristics (5): where W mh -is the anticipated amount of investment by the h-th organization of the m-th construction project, which is proposed as a part of the investment program; λ m нathe share of non-current assets of the m-th project in its total value; λ m oathe same for current assets; 
Where Z iis the vector of criteria values; Z i (0)is the vector of initial conditions that determine the values of the benchmarks at the beginning of the T 0 investment process.
The optimal alternative to the investment program is sought by the individual criteria Z 1 , Z 2 , …, Z 7 is sought using the monocriteria optimization algorithms Z 1 (t), Z 2 (t) -Z 4 (t), Z 6 (t), Z 7 (t) →max; Z 5 (t) → min by changing the movable W mh parameters and the start times of the tm investment process for individual projects within the established limits as to these parameters and requirements as to the volume, structure, sources and intensity of investments.
The investment program that is optimal for all criteria is sought within the same limits by a linear combination of local solutions (7) using the weight coeffient Ǔi of the contributions of local Z opt i solutions to the total Z opt : Z opt = ∑Ǔ i *Z opt i ; і = 1-:-7; Ǔ i = 0-:-l; ∑Ǔ i = 1 (7)
The proposed model provides a sound scientific basis for selecting options for investment construction projects and resource and calendar models for their implementation. The proposed approach, due to the combination of local criteria of different content, ensures the growth of solvency and profitability of the activities of the leading participants of the investment process, and the conditions for ensuring high liquidity of project assets and their social efficiency.
CONCLUSIONS
The developed economic and mathematical model of liquidity management of construction investment assets offers an optimal alternative to the investment program sought by optimizing the structure and sources of investment. By local criteria, we seek to change the moving parameters of Wmh and the starting point of the investment process for individual projects within the limits set for these parameters, which reflect the requirements of ODA in terms of volume, structure, sources and intensity of investments.
4. The following are suggested as local criteria for optimization of investment programs: I) maximum of the immediate liquidity index of project assets Z 1at the current moment determined by the ratio of the expert value of the created and finished product of the project and the unfinished construction to the volume of all obligations of the investor (co-investors) for this project (particles of unit); II) maximum absolute liquidity of the organizationsthe leading participants of the Z 2 projectdetermined by the absolute liquidity indices of the investor organizations, in proportion to their shares in the assets (value) of the project at the moment (particles of unit); III) maximumthe current liquidity of the leading participants of the Z 3 projectdetermined by the indexes of the current liquidity of the investor organizations, and in proportion to their share in the assets (value) of the project at the current moment (particles of unit); IV) maximum of the working capital of the investor organizations of the Z 4 project, average weighted by their shares in the assets (value) of the project at the moment (UAH, in thousands); V) the minimum probability of bankruptcy of Z 5 co-investor organizations is determined by the ratio of the difference between current assets and short-term liabilities to the balance sheet total for each of the co-investor organizations, in proportion to their contribution to the value of all project assets (units).
VI) maximum turnover of assets of project Z 6 , determined by current periods (months or quarters), taking into account the time factor due to the ratio of the total volume of sales in terms of value (excluding VAT, excise duties and other payments) to the value of all assets invested in the project (units); VII) maximum social efficiency of the Z 7 project, determined by the ratio of the amount of revenues to the budgets of different levels in the form of value added tax, excise duties, other deductions from the volume and sale of products (services, BIS), income tax, payments to the payroll, to estimated duration of the investment cycle, (UAH, in thousands / year);
The investment program that is optimal for all criteria is sought within the same constraints by a linear combination of local solutions using the weighting of the contribution of local solutions to the total. The proposed model provides a sound scientific basis for selecting options for investment construction projects and resource-calendar models for their implementation. The proposed approach, due to the combination of local criteria of different content, ensures the increase of solvency and profitability of the activities of the leading participants of the investment process, and the conditions for ensuring high liquidity of assets and projects and their social efficiency.
In order to create a reliable and scientifically sound picture of the investment cycle for the investor, a deterministic cost-asset-source model is developed, based on standard elements of network-determined work-arc models, but using a new parameter system. Parameters of the cost-assetsource model are subject to the requirements of ensuring liquidity, social efficiency, profitability and resource efficiency in accordance with the multifaceted basis of the previous model.
SUMMARY
The article provides an overview of theoretical prerequisites for developing economic and social appraisal system while forming a portfolio of construction investment projects. The author gives analysis of theoretical and practical approaches to the interpretation of the categories «liquidity», «liquidity of construction projects assets « «solvency», «solvency of the investor», prerequisites for the development of strategic aspects of the developer's future assets liquidity in combination with the efficiency of projects as a basis for reviewing the parametric framework for investment portfolio assessment. The article reviews theoretical and applied methods of project selection, such as discounting methods, integral indicators, project organizational and technological decision assessment, econometric models based on game theory, investment criteria balance, factor analysis, statistical consistency criteria of technological solutions and calendar optimization. The author defines investment priorities of building composition and structure of the investment portfolio which ensures the maximum possible efficiency of investments taking into account their liquidity requirements.
To provide the project investor (creditor) with a reliable and economically sound picture of the flow of project assets at different phases and elements of the investment cycle, an innovative model of multicriteria project assesment is proposed, which uses project liquidity indicators and solvency of organizations as a leading requirement (criterion). The methodological basis for the created model was system analysis, optimization models by several criteria and ways of their agreement.
The article considers one of the basic components of the proposed modelthe model of matching the solvency of the investor with the assets liquidity of construction projects. In the future, this model is going to be supplemented by new developments, which will include the balance and structural method, and network models of «work-arc» with updated parameters as a basis for process formalization of investment cycle.
